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E 4
g 3 SUMMARY (U)
B S
4 5» PROBLEM (U)
i f‘ (C) Deizrmine the coherence and the array signal gain during BEARING STAKE
- for large aperture. horizontal line bottom-mounted sad smid-depth towed arrays receiving
"E E multipaifi signals from iong-range. narrow-band. low-frequency towed CW sources in the
3 B Northwestern indian Ocean.
E 3
E . 3 APPROACH (U)
g b {C) During BEARING STAKE measurements were made for determining coherence
. & for a bottom-mounted and twe mid-depth towed arravs near five sites in the Northwestern
5 Indian Occan. These measurement data were digitized and processed on the NOSC
e ’i' UNIVAC 1110 to preduce ihe phase coherence Cp and the array signal gain ASG versus
T3 range and frequency for several projector tows surseving much of the Northwestern Indian
AR Ocean. The amplitude fluctuation = 4 and S/N (the signal pius noise to noise ratio) were
z 3 also computed. Corrections to the C and ASG data for low S/N were ot attempted. This
i 2 repoit concems only cases in which tﬁ-: S/N is high enough that the noise correction is
2 . negligible.
k&
3 =2 RESULTS (U)
B (C) Since the Northwesiern Indian Ocean is usually bottom-limited and the sound
f_ speed profiles are coinplex. a considerable rangewise variability exists in the plots of phase
E: E= colerence and arrzy signal gain for this multipath envirenment. This variability increases
.:1 - due to the presence of irregular bottem slopes as well as seamounts for mid-depth towed
H Ex . arrays. This variability is the dominant characteristic of this body of water when the per-
e formance of long honizontzl acoustic arrays is considered. Thence. a general assessmeni
3 of signal coherence for the Northwestern Indizn Ocear. based on the BEARING STAKE
= ' data. is as follows. The coherence will be a manageable problem for the performance of
3 large aperture bottom-notated and mid-depth towed array systems used for surveillance if
,:“- _ 3 sufficient rangewise sampling is employed and the towed arrays are not operated in the
¥ depth region of complex sound-speed profile structure. From the detailsd area assessment
2 to follow several conclusiens can be reached about the performance of large aperture,
-3 honizonial acoustic arrays in titc Northwesiern Indian Gceean.
2t
3.—: 3 1. (U) The degree of amplitude fluctuation. as measured by .‘ZA. Jdoes not change
e A much with frequency and is largely range independent up to about 1006 km, cven over
B irregular sloping bottoms.
E 5 2. (U) The phase coherence and the array signal gain decrease severely with increas-
- mg frequency. even when the S/N values remain high enough te render noise corrections
:’- . negligible.
3. (U3 The phase coherence and the armay signal gain are gencmally range independ-
ES _ ent up io about 1000 km except when the projector is passing over an irregular sloping
S E bottom. They decrease and become more variable for = mid-depth towed array. but not for
*3! L
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4 bottom-mounted giray . when the projector is passing on ot an irregular sloping bottom.
This behavior may tefledt the importaace of bottom propagated sound paths for a bottom-
mounted array.

4. (U The phase coherence and the array signal gain are wideiy variable with
range duc to multipath interference n a boitom-limited environment with a complex sound-
speed profile and become more variable in an irregular bottom slope region for a mid-depth
towed array bt not for a botiom-mounted array . They were less variable at the only site
whers propagation wis not botrtom-hnuted.

5. Cy Tt appears that for the bottom-hmited regions of the Northwestern Indian
Ocean. the phase coherence and the array signal zam behavior of bottom-mounted and mid-
depih toned (above the depih region of sound-speed profile compleaity ) array s are essen-
tially the same except when the projector is passing over an irregulas sloping bottom.

6. (L) The sensor spacing contiguration for the bottom-mount: ¢ array was con-
siderably different from that for tne mid-depih towed arrays. To obtain ¢ more accurate
comparnson of a towed array with the bottom-mounted array | 2 subset 10--¢d array (con-
fizured similarly in sensor spacing to the bottom-mounted array) was studied. It was found
that the botiom-mounted array performed essentraily 1he same as the sibset towed array
(except in the irregalar bottom slope region®. The subset towed array performed essentially
the same as the total armay for phase coherence and array signal gain.

Oy In the Northwestern Indian Ocean the surveillance performance of towed
amrays may be significantly dependent upon the array tow depth due 1o the presence of a
mid-depth region of sound-peed profile compieaity.

8 (U) When sound was received by a mid-depth towed array from behind a sea-
mounti. the phase coherences and the array signal sam were often low due to the reduced
SN values.

RECOMMENDATIONS (U

I. (U Changing and incrementing the averaging time intervals would be interest-
mg i conjundciion with 2 study of the dotailed acoustic structure behind the sampled values
of C and ASG ued in this report. This would show how the regions of sound-speed profile
complexity miluence C | and ASG and would fead to estimates of the optimum averaging
time intenal as 2 fuaction of armmn tow depih.

2. (U3 I would be usetul 1o directly investigate the effects on coherence vari-
ability of the compley sound-speed profiles by towing an array above and then withia this
highh structured profile region.

3.0 his recommended that more LATA data (Site 3) be processed.

4. 1Cy The sunveillance behavior of bottom-mounicd arrayvs could be better
undentood By imvestizating and modehing the possibility of bottean propagation paths in
the Northwestern Indian Ocean.

S0 Itis recommended that in future tests i the Northwestern Indian Oczan.
much fonger signal perntods (say . 23 min for signal and 3 min for noise as a duty cycle) be
used at a single low freguenoy. This would allow a more Jetailed study of the rangewise
structure of £ and ASG and permit better verification of a sound propagation model of
cohicrence beliavior, 6
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. i. () INTRODUCTION
"3 Ry {C) in recent years. the Indian Ocean has become an area of increasing strategic and
3 s tactical importance to the Navy. Because of the lack of environmental acoustic data from
. the Indian Ocean of the type required for performance characterization of surveitlence
O systems opiions. CP-935 tasked NAVELEXSYSCOM PME-124 to cor fuct environmental
g = acoustic surveys to obtain the daia necessary 10 assess the performance of passive Anti-
B . I submarine Warfare {ASW) surveillance systems in the Northwestzrmn Iadian Ocean.
’. (C) Accordingly. PMii-124 developed Project BEARING STAKE with these
- objectives:
£
T a.  Conduct environmentai and acoustic measurements in five sclected areas of
B the Northwestern Indian Ocean during the period of January through May
S 1977 with a variety of measurement sy stems.
=% i b.  Collect acoustic data {o determine the variability in the acoustic environment
g . : and previde inputs to modcels for systems performance evaluation.
% ¢.  Utilize nearsurface. mid-aepth. and bottom-mouated receivers (such as long
= horizontal arrays) to determine the following:
I ® Propagaiion loss vs frequency and depth
- ® Omnidiseciional noise
' A ® Noise directionality
- ® Wavefront conerence
B . .
- ® Vertical arrivai structure
g A ® Beottom interaction
e -5 e  Bottom r=flectivity
e d.  Produce an acoustic assessment of the Northwestern indian Ocean based upon
' the results obiained.
. . Perform assessment of surveillance systems for the Northwestern Indian Ocean.
B 3 () Thiwe purpose of thiis report is te present the analysis of the results of the wave-
2 -3 - - . . g -
E, 23 front coherence measurements made during BEARING STAKE in arcas near five selected
: sites in the Noribwestern Indian Qcean shown in Fig. 1. From the analysis. a coherence and
“ array signal gain assessment of the areas concemed is presented feor a bottom-mounted
EY anid two mid-depth towed arrays.
s (U Technicat direction of BEARING STAKE was vested in the Naval Oceans
S Systems Center (NOSC). Participants in BEARING STAKE represented a broad spectrum
L E of organizations. In addition to NOSC. the other Navy organizations involved were the
3 . Naval Occanographic Office (XQO). the Naval Rescarch Laborstory (NKL). the Naval Air
= Development Center (NADCH. and th 2 Naval Ocean Reszarch and Development Activity
£ (NORDA). The Weapons Research Establishment (WRE: now the Weapons Systems
gy - ‘g’ - -
e 3 Rescarch Laboratory. Defence Rescarch Centre) of the Australian Department of Defonce
S also participated. The industrial and university organizations represented were Western
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Electric Co. (WECo). Sanders. Inc.. Woods Hole Oceanographic Instituticn (WHOI)
Applied Research Laboratories. University of Texas at Austin (ARL/UT), TRW, and
Planning Systems. Inc. {PSI).
(U) The operational aspects of BEARING STAKE with respect to coherence mieas-
urements are described in Section 2. (For a more detailed descripiion of the operational
plans and systems involved. see Refs. 1 through 9). In Section 3. the results of the armay
coherence and array signal gain area assessment are developed. Section 4 presents the con-
clusions from this study. In the Appendix the methodology for phase coherence znd array
signal gain and definitions of the terms used in this assessment repost are presented.
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2. (U) CPERATIONAL ASPECTS

2.1 (Uy CHRONOLOGY AND SITES

(L) The BEARING STAKE acoustic measusements. perfesmed near the five sites of
Fig. 1. were conducted duning the four cruises shown in ihe tfollowing timeiable:

b
:
E
;2
H
3
£
P
5
<
3
-
&
3
3

- Cruise Dates (1977) Site Occupied
. 1 13 Jun-26 Jan 1A
2 30 Jan-25 Feb 3ané 1B

3 S Feb-30 Mar 4

4 4Arr- 4 May Sand 2

Site 1 was occupied twice: hence. the terminology of ~3Sitzs 1A and ~1B.” Cokerence
measuremenis were made for Sites 3. 1B, 4.5 and 2. Throughout this report the sites will
be treated in chronological order as above.

L L UL IS,

SR

(C) The major geographical features of the Northwestern: Indian Ocean and its
major shipping lanes were considered in the seleciion of the locatioas for Sites 1 through 3
{sve Fig. 1). The measurement events conducted for these sites represent a variety of situ-
ations that allow asscssment of passive sunveillance svstem options against transitting sub-
marines and submarines attempting to interdict shipping.

s

cagpy o

4 2 1 Bl b J
Mg

LTS

2§ L1 A4 10900
LA gt

(C) Site 3 is located in the central portion of the Arabian Sea with a water depth of
3.6000 m. Mcasurements here will be useful in evaluating the surveillance potential ciose to
the Cape of Good Hope-Arabian Sca shipping lanss along ihe cast coast of Africa.

.U
FubiM RS

2N v.\.“ﬂ‘,‘ it
il

() Site 1 is located in the mouth of the Guli of Oman where the water depth is
3.380 m. This site offers bathy metncaily unshiclded ranges in & narrow corridor inio the
Arabian Sea. The data from Site 1 will be useful ir ovaluating the surveillance potential in
the Guif of Oman and its approaches. Shipping traffic 1o and fron; the Persian Gulf passes
close 1o Site 1.

+

. .
geledils ioid

{O) Site 4 is over 3 slope with depihs ranging frem $.000 10 5.000 m. Long-range
propagation via refracted paths occurred in the deep waten of the northem Somali Basia
tsee Ref. §). This is the only site for which botom-limiied propazation coaditions did not
prevail during the excrcise tsee Seciion 2.4).

Y

T TN
t'l
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(}

e IR A SR Al

4

(L) Stte 3 is located on the norihern edge of the Carlsberg Ridee south of the Suez
Canzal-Orient shipping lanes. The site is situated over the fiat top of a low nise (300 m above
the sca floor) in 4.500 i of water. The Carlsberg Ridge. on the southern edge of the
Arabian Sca. may provide shiclding from noise sovices (o the south of this site for surveil-
Iance systems looking into the Arabian Sca.

o Nttt

g

{C) Site 2 is located on 2 ndge approumately 370 km (200 nmi) oft the coasi of
the Armbizn Peainsula. Data from this site will be useful in cevaluating the surveillance
potential in the major shipping lanes running along the Arabian Peninsuls and into the
Arabian sca.
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g 3 2.2 (U) HORIZONTAL ARRAY SYSTEMS USED FOR
. , COHERENCE DATA COLLECTION
‘2‘ '~ (L) Three coherence measurement systems are discussed in this report. They are:
b & ® Ocean Acoustic Measurement System (OAMS) array from PME-124/NOSC
-

® lLong Acoustic Towed Armay (LATA) from WRE. Australia

® Bottom-Mounted Array (BMA) from PME-124°WECo

»
KY
A

The GAMS arrzy. the LATA. and the BMA were cperated at Sites 3. 1B. 4, 5 and 2.

(L) The ships which participated in BEARING STAKE were the USNS KINGSPORT
(T-AG-33). the USNS MYER (T-ARC-G). the USNS MIZAR (T-AGOR-1i}. the USNS
WILKES (T-AGS-33) and the Austrahsn ship HMAS DIAMANTINA (GOR-266). During
BEARING STAKE. the KINGSPORT cenducted ali the long-range projector tows shown in
Fig. 2. The MIZAR performed as the OAMS ammay tow and measurement ship. The
DIAMANTINA towed and operated the LATA in coordination with the MIZAR tow runs.
The MYER was responsible for all BMA operations. The WILKES performed several ocean-

ographic functions for the BEARING STAKE exercise.

U b s e eyl and o

¥ 406, o b N Apte PP A0 A e s AR AR ey 48 n, ey Spop chrian

58 (U After the conclusion of the BEARING STAKE exercise. the ship navigational
_ lozs were used by NORDA to reconstruct the projector tows and the array positions. There-
3 =3 fore. Fig. I gives the site overview for BEARING STAKE projector tows. and Figs. 3
'i: = tiarough: 6 show the details for each site. As car be seen from these figures. BEARING
E k- STAKE surveyed much of the Northwestern Indian Ocean.
i “ 2.2.1 (U) The Occan Acoustic Measurement System (OAMS)
E (U) The OAMS towed arrzy. manufactured by the Seismic Engineering Co.. has 32
: ® directional hydrophone groups spaced over an acoustic aperture of 925.3 m (3036 ft). This
3 & array » highly directional due to its tapered design (see Fig. 7 and Ref. 9). This directional
T hehavior arises from two causes: (1) the individual hydrophores in each sensor group are
. “:' 4 spaced in a cosine paitern. and the groups nearer the apertire ends are longer, and (2) the
s SCRASOE 270.p centers are spaced in a cosine pattern along the acoustic aperture. (Due to this
b3 = directionat behavior. the CW sources were generally kept within 2135 deg of broadside by
X the choice of the MIZAR courses.) Vibration isolation modules (VIMs) installed at the head

and tail of the acoustic aperture make the fotal array length of 153359 m (5036 ft). See
Fiz. 8. The maximum design depth (Tcrush depth™) is 305 m (1000 f1). Four depth sensors
are distnibuicd along the acoustic aperture.

(U) The OAMS armay was operated for Sites 3. 1B a2nd 4 in the vicinity of the BMA.
while for Sites 5 and 2 the OAMS a2y onerated more than 300 ki for the BMA. Sce
Figs 3 through 3. At cach site. the OAMS ammay was deploved i0 a cable scope of betwesn
306 to 350 m. During deployment. the speed of the ship was adjusted to keep the array
near a nominal tow depth of 198 m (650 f1) and. depending on winds and currents. the
speed vanizd between 2 and 3 knots. The array tiit during most daia collection periods was
less than 21 deg. Ship mancuvers at each site consisted of polvgon tows, designed to assess
tke honizontal directionality of the ambient noise ficld. and straight-lin: tows. oriented such
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i : that acoustic arrivals from the source were generally within 15 deg of broadside because
% 5 of the directivizy of the OALS array. Measurements of coherence. propagation loss and
g 3 beam noise temporal statistics were colflected during the sirzight tows.
: (L) The OAMS signal processing svstem is built around & Hewlett Packard 2100
3 computer as shown schematically in Fig. 9. As shown in this figure. the individual hydro-
E { phone group outputs were amplified by charge coupled amplifiers and then fed through a
:f - ; 32-channe! patch panei into the “coherence box™ (the quadrature detector) to be put into
i = bascband amplitude and phase quadrature form. The output of the 32-channel quadrature
E .;:' detector was digitized with a Hewleit Packard 2313B 64 channei A'D converter to gcacrate
; X the signal and noise data on digital tapes for later coherence processing (see Appendix).
5 The center frequency of the quadrature detecter was adjusted to track the L oppler-shifted
% received signals. The effective bandwidih of the quadrature detector was 1 Hz,
::: (L) Monitoring of individual hydrophone groups in real time was accomplished
p with a Spectral Dynamics Corporation SD309 Real Time Analvzer and associated units.
3 - The output could be displayed on 2 CRT or sampled by the HP2100 computer for furti.er
";'s = processing. Svstenis status parameters and depth sensor outputs were logged automatically
, ‘ through the microprocessor general interface unit. Recorded parameters included the time
- e code. depth sensor outputs. the setting of the switches for quadrature detector gain. the
. 5 HP2100 gain and quadrature detector frequency.
e 3
:: E 2.2.2 (U) The Long Acoustic Towed Armay (LATA)
?E {Cr The LATA. manuiactured by the Seismic Engineering Co.. has 61 omni-
: & directional hydrophone groups uniformly spaced 19.05 m apart (X2 at about 40 Hz)
Z over an acoustic aperture of about 1200 m (3936 fti. (The LATA was czlled the
: L LAMBDA I when used o3 e U.S. Navy.) VIMs are installed at the head and tail of the
E acoastic aperture (600 m forward. 306 m aft) for a total length of 2100 m. Sce Fig. 10.
:: The maximum design depth is 1200 m. Special modules. cach coniaining an array heading
= k- sensor and a precision depth sensor. are situated at the head and teil of the acoustic zperture.
5 A wabie inclinometer is mounied on the tow cable. above the water at the stern. 1o prosvide
z an indication of the tow speed.
z ‘ {U) The LATA was operated for Sites 3. 1B and 4 in the vicinity of the BMA.
. 3 while for Sites 5 and 2 it operated more than 700 km from the BMA. See Figs. 3 and €
% f At Site 3 LATA was deploved after the projectior operations had ceased. and at Site 1B
§ E insufficient LXTA coherence data were collected for meaningful processing. Hence. LATA
4 .. coherence data were processed only for Sites 4. 5 and 2. The LATA armay was towed at a
s 5 nominzl depth of 303 m at a speed of 2 to 3 knots. Coherence measurements were made on
A straight-line tows oriented so that the armay would be nearly broadside or nearly endfire to
) _ ihe projector. The arrmy tilt dunng most data collection periods was less than 21.5 deg for
& = Sites-4. 5 and 2
A (C) The 64 LATA hydrophone group outouts were collected and processed by the
'_ - - WRE-designed-and-built digital signal processing and display system on board the
b DIAMANTINA. The group outputs were digitized at a rate of 512 samples per sccond and
‘, muliiplexed with outpuis from the heading and depth sensors. time. code. ship position,
S 2 21
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B 3 1500m LONG |

BN A | 600m 1200m 300m

- ' .;: 3 T 4 1

ST Figuiz 10. (C) LATA configuration. (L)

- _ {J course. speed and voice annotation as shown in Fig. 11. The resulting serial bit stream
. $300 kbps) was recorded on a singl- track of ¢ SANGAMO digital tape recorder. The band-
N width of the recorded acoustical data wzs S t¢ 226 Hz. The on-board processing and relay
= 3 syvstem consisted of @ demultiplexing unit. a dizital filter (with 32 selectsble filter bands).
. and digital “delev-and-sum™ beamformer with four shading options with a “deselect™

i = {..¢.. zero weighting for any hydrophone group) option. a beam averager. and a ROLM 1602
=3 digital computer for hydrophone group output and beam data processing. This computer
- 3 was operated in the real-time mode throughout the data-taking periods for coherence
- 3 seasurciments. The on-shore LATA processing was conducted at NOSC and is discussed in
e Ref. 12.

3 2.2.3 (U) The Botiom-Mounted Asmay (BMA)

- . (U) The BMA consisted of cight uncquatly spaced omnidirectional nydrophones
2 and was iastalled at all five BEARING STAKE sites. Wi:Co was responsible for instaliing

s

bf;

v

A f"‘""

e sim e aut o hos Abners

e A

fn:.».'l‘ ,&lfr lp‘ ALY

[ &5

the BMA at cach site from the MYER and for collecting analog tape daia from the BMA.

Figure 12 illustrates the physical configuration of the BMA installed at Site 1A, Figure 13

shows the BMA hyvdrophone configuration ai Siie 1B. and Fig. i$ shows the configurations

at Srtes 3. 4.3 and 2. Although the the BMA and the OAMS ammay were co-located at

Sites 3. 1B and 4 (see Figs 3 through 3). the BMA was configured as a horizontal line

array oly at Sites 3 and 1B (sce Figs. 13 ané 14). Hence. comparison between the BMA

and the OAMS data was confined to Sites 3 and iB.

» (L) To ensure the compatibility of the BMA data with the OAMS data. the BMA
= aralog tapes were played back into the OAMS instrumenatatior (i.c.. through the quadra-

.2 ture detector. the A D cenverter and the HP2100 computer system) in situ and afterwards
5- at NOSC. This put the BMA coherence data on digital magnetic tape in quadrature format
E for further processing and anaivsis (see Scction 2 and Rei. 11). Thus. the BMA coherence
.oy data anahysis is especially well coordinated with the OAMS array data analvsis and allows a
< detailed comparison of their respective results (see Section 3).
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2.3 (U) ACGUSTIC SOURCES

(U) Both nasrewband (CW) projector and broadband (explosive) sources wzre used
during BEARING STAKE. Only the narrowband projectors will be discussz2d here because
the coherence data are based on these CW sources.

(C) Two projector were uscd: {ija Minneapolis Huneywell HZ-295 transducer
(130 and 290 Hz) and (2) a MK-6 projector driven at 22, 25, 36. 39 and 42 Hz. Source
Ievels ranzed from 176 dB,pPa to 195 dB.pPa as shown in Tabie 1.

Table 1. {C) The CW Projector Source Levels for BEARING STAKE. /U)

Frequency Site Source Level (dB/pFz)
22 all 188
25 all 90
36 ali 162
39 all 1935
12 all 195

140 LY 183
i40 iB 183
30 2 1815
149 3 182
i40 <4 oxcept IP7 13535
i40 4P7 18035
140 3 ist>
%0 all eveept SP7 1e2
290 P37 175

(the termmologs P77 refers to projector tow P7 at Siiz 2. 21c.)

iUy All projector tows were made from the KINGSPORT along the tracks shown in
Figs. 2 througt 6. The duty cyvcle for all projectors was 10 min on and § min off.* At
Sitz 1A tows were made at a nominal speed of 12 knots. For Sites 3. 1B. 4 ané 3. the MK-6
tow specd was reducsd 1o 8 knots. At Site 2. a modificd towing fairing installed on the
MK-6 aliowed tow speeds 1o be incrzased to 11 knots without source maifunctions.

{C) Minor problems arese in using the MK-6 projectors. The MK-6 was unable to
stabilize at 42 Hz. as per specifications. at a tow speed above 8 knots and at a depth of 91 m.
This problem was resolved by operating the MK-6 a2 36 Hz at S knots and ai a depth be-
tween 77.7 m (235 fyand $2.8 m (275 ft). For the Hz-294 transducer the tow depth
was 30 m.

* Actuzlly the projector frequency was shiitad by 3 o1 3 Hr insizad of being tumed oil.
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2.4 (U) SOUND PROPAGATION CONDITIONS DURING
BEARING STAKE

ypites
N []

(U) Sound propagation conditioas during BEARING STAKE are now discussed
briefly in regard to ther importance for this coherence study. Sound propagation near the
five BEARING STAKE sites was venn good. This good propagation occurred despite the
“boticnriunited” conditions whereby the surface sound speed exceeds the bottom sound
speed. This is seen in Fig. 17| where sound-speed profiles representative of the site areas and
of the times of the exercises are shown. Of course. the source and receiver depths are also
important since these really determine whether the significant ray paths interact with the
bottom in a nominally bottom-limited situation. If the sound speed at the depth of the

\
a gt et wlit® B
Af 2l e et
Ayondl,

)

Fre T
o Gaeh ]
iy

AL o
¥ kY
i
B < s e b i = 3 A B ¢

i

; E source (or receiver) is less than the botiom sound speed. then there is a “depth excess.”™ :
: "5 so that there are ray pathis from the source (or receiver) that do not contact the bottom. i
ff 3 Their importance will depend on the amount of depth excess and how close such rays come % .
3 = te the receiver for source). Thus. using Fig. 15, Table 2 is constructed to show the depth i
E = excesses from ihe source and receiver depths. Note that for the 91-m source. ther: was a ii
ZH: depth excess only for Site 3. For the 200-m-deep OAMS array there was s depth excess for ¢
K = Sites 4. 3 and 2. Cnly for the 300-m-deep LATA was there a depth excess for all five sites. i
E: E Since the longest acoustic wavelength relevant to this work (for 22 Hz) is 68 m. cven the g
£ % - smallest depth excess (110 m) in Table 2 is significant. t
oz = i1
‘ 5 Table 2. (U) Depth: Excesses tor Source and Receiver Depths for the

z Representative Sound-Speed Profile for Each Site. (U} o
: :; Site . :
E ; Depth (m) 3 1B 4 5 2

§ )

g & o} - 190 -

g 200 1600 720 22z

3 30 330 110 2200 1700 610

% : (L) Sites 1B and 4 are the extreme cases ia Fig. 15: Figs. 16 ana 17 give the ray

‘ trace plots for typical radial projector ruas away from these two siics. Tweniv-five ravs at

; I-deg intenals in the deflection clevation reage of -12 to +12 deg are traced away from a

2 R 200-m-deep receiver for both figures. Figure 16 for projector tow 1BP1 (ie.. projecter tow

f:‘ ’ P1 at Site 1B) shows that all those rays reflect from the botiom. while Fig. 17 for projector .
. tow $P1 shows that only the -12 and +12 degz rsys contzct the bottom. Note also that thers
E: g are strong convergence zones observed for Site 4. Here the fifth zone is about 350 km. :
§ z which gives an average zone spacing of about 38 km. Thus. with respect to this coherence
g arca assessineni work, it is neteworthy that the degree of bottom interaciion did vary from
° sile to site regroa. with the least near Site 4 and the most near Site 1B.
4 {Uy Site 2 presents a special problem for the OAMS armay since it received sound
= propagation from behind a scamount. Sce Fig. 6. Figure 18 gives a ray trace plot fora ;
: ) " typical vertical plare over the scamount and away from the OAMS array. Although Fig. 18 ’
= 7 shows the secamount inicracting with mosi ol the paths that reach the OAMS array. the 1
B 3 predicted offect on transinission loss depends completely on the botiom-reflection loss .3;
: (BRL) mode! assumed. If the propagation foss is calculated (viz the RAYWAVE computer %_'
z 3 modc! program of Ref. 14) with the seamount replaced by a flat bottom. curve {a) of 3
ia e
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3 Fig. 19 results. The other three plots in Fig. 19 are for the scamount retained with various
“: possitle models of BRL versus grazing angie for rays contacting ihe sides of the seamount.
5 The three cases of BRL behavior are as follows:

[

. . AN <yt
B SRR/ 17 S Srier P phprtmie ) Y-t it 13y prnbng

N Curve Seamount BRL Modci

; 5 g {b) Same as for Site 3 (from Ref. 15)

S L.

F £ («? Estimate for scamount slopes

. (d) Infinite loss for all grazing angles

1 Companng curve (a) with the others shows that only for curve {d) is there some appreciable
- prepagation loss at lonzer ranges due to the seamount. In Section 3.7.1 a comparison of the
' OAMS amray received levels for projector tow 2P3A (with scamount interference) and for
i projector tow 3P! (without scamount interference) shows that curve (d) agrees best with

k3 the observations.

(_ (U) The preceding discussion of propagation conditions was based upon simplified.

- representative sound-speed profiles. such as those shewn in Fig. 13, Thus. the smaller scale

B 3 structure cf the sound-speed profiles were neglected. This neglect may not be reasonabie in

‘A considering certain aspects of armay performance as the following discussion indicaiss.

R P . . . . - . . .

3 s (U) A mid-deptd interval of sound-speed profile complexity is 2 characieristic

E L feature of the western Indian Ocean {sce Ref. 16). The BEARING STAKE sound spzed

profile measarements show that this complexity. marked by closely spaced relative maxima

; i and miaima with significant sound speed differences. was most proagounced in the Site 4 area.
; 2 This was as expected. sinee the Red Sea is the source of the highly saline water that is the
major cause of the sound=speed profile complexity. Figure 2C shows four sets of profiles
collected along various Site 4 track events. Profiles for Sites 3. 1B. 5 and 2 also showed
some sunilar complexity (see Figs. 21, 22, 23 and 24. respectively) and. for all five sites. the
complex:ty began at roughly 230 m. Thus. the OAMS array operaied above this mid-depth
X interval of complexity while the LATA operated in it: the BMA was always well below that

3 depti intenal. Siece the propagation paths to all three arrays must pass through this mid-

depth intenal. some of the effects of the profile complexity should be the same for ali
; £ three. However, it seems significant that the LATA cohergnce and arsay gain results

2 tdiscussed in Section 3) display noticeably zreater scatter than those for the OAMS ammay and

NPT
'(‘ iy

rh oy Ar sl eg b 4y 4 2

1
(Al

e the BMA. Since that scatter was clearly associated with multipath interference effects
3 that were also more noticeakic on LATA than on the other two arravs (see Rei” 12) it
= seems likehy that ihe parnticular operating depth of the LATA is the explanation ¢ particu-
z 3 farly siace the differences in armay construction. discussed in Sections 2.2.2 through 2.2.3.
i = dit not account for this difference in ihe performances of the LATA and the OAMS armay:
E 3 see also the discussion of the “subsct OAMS armay ™ in Sections 3.3.3 and 3.4.3). This
B indication suggests that the Northwestern Indian Ocean is an arca where the surveillance
- "] - - -
2 performance of towed armys may be significantly dependent on the armay tow depth.
z e . . . . _
: s ~ (L We now consider the effect that multipath propagation has on array beamiorm-
¥ =y . - - -~ - - . -
M 5 ing. The siudy of Rel §7 shows that the preseace of rapid increases in propagation loss
£ e (fades) as the range is varied is accompanied by a pronounced noalinearity of phase. i.c.. the \
b - ] "
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phase relationships between receivers is no longer a linear functioa of ihe spatial displace
ment between receivers. Examples from Ref. 17 show that rapid increases of 23, 18. and
14 dB were accompanied by a departure from linear phase of 140. 115. and 100 deg.
respectively. for receivess on opposite sides of the fade. Reference 17 points out that the
effect of nonlinear phase Iy a decrease of several dB in array signal gain as well as possible
bearing errors.

BRI 6 e,

{U) The fades result from multipath interteience. Since the bottom losses for most
BEARING STAKE sites are vens smal! at low frequencies we may anticipate a large number
of fades due to multipaths. in order 1o examine this effect. a normal mode model of
coherent propagation loss was developed for Site 1B based on a 1y picai sound-speed proiile
and on a detailed sub-boitom structure.

O T T S A L

1) Figure 23 presents the normal model propagation loss at 23 Hz as a function
of range over the range mterval from 175 to 225 km. The receiver depth is fixed at
3348 9 m and corresponds 1o the boitom-mounted ACODAC at Site 1B. The dots are the
expenimental measurements of the ACODAC. The propagation is indeed characterized by
iarge numbers of fades.
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{C) The number of fades was ceunted over various range intervals and ¢xpressed as
the average distance between fades. For example. in Fig. 25 the average distance between fades
exceeding 3 dB os 0.9 km. For fades exceeding 10 dB the average distance is 2 k. Computa-
ticn made over the same range intenal at 30 Hz yvielded corresponding values of 0.6 and 1.3 km.
respectivels - Computation for othier range intervails showed a strong range dependence. For
cxample. in the range internval from 23 10 75 km one could. on the average. expect a 10-éB
fade every 1.4 km at 25 Hz and every 0.8 km at 50 Hz. The comresponding values at 463 to
35C Em are 3.6 and 2.2 km. This range dependence results because the number of multi-
paths is reduced by boittom loss. Reference 18 discusses similar computations made under
convergence zone conditions in the Pacific and Atlantic for this latter interval of 463 to
330 km. Values obtained for 10-dB fades at 25 and 50 Hz were from 10.3 to 20.5 km and
from 6.9 to 30.8 km. respectively. It then sppears that 10-dB fades in propagation loss for
the Iadian Occean occur at least three times as often as they do for consergence zone propa-
wation in the Atlantic or Pacific Oceans. We may then anticipate more problems with ammay
beamtorming 1a the Indian Ocean than in the Atlantic or Pacific Oceans.

{U) The study just described involved looking at the vanation with range for a
fived receiver deptir. This vanotion would be applicable to 2 horizontal array in an endfire
configuration. However, the LATA and the CAMS array were operated in a near-broadside
configuration.

(U) The nominat depih of the front erd of the OAMS armay was 200 m. with an
upward it of about 1 dee. The corresponding values for the LATA were 300 m and
1.5 deg. Since the CAMS arrzy is 923 m long. the nominal depth of the tail end was about
189 m. Tiic corresponading values for LATA were 1200 and 269 m. Thus. even in a broad-
side configuraiion. the array s are subject to 2 1aniation in propagaiion loss from clement to
clement due to the faci that the clemenis are at different depths.

tC) The nominsl range of mieresi for an examinatioa of array performance was
given as 200 km. Figure 26 ks a prepagation loss contour plot genesated by the normal
mode model for Site 1B at 2 frequencs of 235 Bz Contours are presented at 5-dB intenve »
from 83 10 95 dB. The receiver depth intenal corered is from 180 te 343 m and the range
inienval is from 195 to 205 km. This plot covers the depth intenals of interest for ihe two
arrays. The propagation loss plet of Fig. 26 exhibiis a “patchiness™ which is charactenistic
ef a large number of bettom bounce multipaths. Figere 26 presents a good overview of the
situation. bui does not provide the detall necessan 1o assess the amount of vanation in
propagaiion kiss across cach ammay.

(U This varation was assessed by 2 special normal mode computer run adapted to
determine the saation in propagation loss over some given depth intenai for 2 fixed
runge. The given depth intenals were from 137 to 200 m in 2-m steps and from 270 to
300 @ i 3-m sieps. These intenaals correspond to nominal array tilts of 1.1 deg for the
OAMS arrzy and 1.4 deg for the LATA. The normal mode program was fun from 1935 to
205 km in range incremesis of 30 m. This results in 201 range samipies.

(C) Figure 27 presents propagation loss as determined by the nermal mode program
at a frequency of 20 Hz. Propagation loss is shown as a function of receiver depth over the
tenal of 270 to 300 m at fixed ranges of 196.0. 194 2 and 1964 km. The vardation
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4 ,. across this depth interval is 8.4, 298, and 7.0 dB. respectively. for the three fixed ranges.
N This exanmple was chosen to depict a very deep fade. Since computations are made in
’E = range increments of 30 m. there are three additional range cuts availatle between 196.0
A H and 196.2 km and also between 196.2 and 1964 km. These data have also been plotted but
; ‘ are not presented here. These additional data show a smooth transition between the cuts
- shown in Fig. 27. On the basis of the data sample and on other samples. it has been estab-
3 g lished that the range and depth sampling considered here is adequate to determine the

-3 variability acioss the interval.

i (C) Al of the data for the special normal mode compater runs were summarized
Z 5 in terms of the percentage of rangs samples for which the propagation loss variation over
3 £ the depth interval (for the fixed-range sample) exceeded 5 dB and then 10 dB. The results
3 B for several different configurations and for frequencies of 23 and 30 Hz are summarized in
g 33 Table 3. For example. 21 23 Hz. 8 percent of 201 range samples (i.e.. 16 samples) had a
38 4 10-dB or greater variation over the depth interval from 187 to 200 m.

g = Table 3. (C) Percentage of Range Cuts in the Range Interval from 1935 to 205 km
X for which the Depth Varniation in Prepagation Loss over the given Depth Interval
3 exceeds 3 dB and 104dB. (U)

- DEPTH

. FREQ. | DEPTHINTERVAL STEP

E 5 ROW (H7) (m) (m) 5dB 10dB

: ks 1 25 187-200 2m 23 s
Y 2 25 276-300 3m 5 16

E 3 A 170-200 3m 41 Is

e 1 50 157-200 2m 16 17

- 5 50 270-300 3m 66 k3
= 5 o 50 170-200 im 68 31

5 = () Rows I and 4 pertain to the OAMS array configuration and rows 2 and 5 to the

& LATA configuration. The first important feature to note is that the percentage values for
the LATA are larger than for the OAMS armay at both frequencies. This is in agreement
with the experimental measurzmenis of coherence. which were generally better for the
OAMS amay than for the LATA. The question now asises as to whether this is 2 result of
the OANMS wrmay and the LATA being at different depths. This was examined by making

: calculatic . tor the interval from 170 to 200 m. Thus. the results of rows 3 and 6 repre-
seal the case where the LATA is placed at 200 m rather than 300 m. Note that the results
of rown 2 are close 1o those of row 3 and the results of row 3 are close to those of Tow 6.

i l [
Thus. the important feature for this model is not the difference in the nominal depth of
ez - LATA. The significani {eature is that the longer length and larger tilt angle of the LATA
result in a larger depth interval and an increased chance of large variation in propagation

loss along the array. In other words. comparing rows 2 and 3 and rows 5 and 6 of Table 3
shows that. for this model. which docs not consider a 72gion of mid-depth sound-speed
= profile complexity. there is no depth dependence for the variation of propagation loss.
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E It attributes increased variation to an increased depth intenai for the LATA. However. a :

= subset LATA tconfigured in seasor spacing sumilarity to the OASIS array see Ref. 12)

¥ showed that the depth interval (not inciuding it differences) did noi sccount for the

i3 increased LATA C | and ASG varation. Thus. the depth-dependent sound-speed profile :

A complexity remains the most plausible cause of the increased C, and ASG variation for the :
3 &3 L ATA. and using a sound-speed profile that does have a mid-depth region of complexity
: 2 should resolve this question.
i . (C} The second important feature of Table 3 is that the percentages increase with
i 3 frequency. Indeed the \.x!un in the 10 dB™ column for 50 Hz are almos? exactly twice as “
k- & large as the corresponding 23-Hz values. Thas. the percentages scale directly as the fre-
K 3 gateney in this case. Siace the perceniage annot exceed 100 per m the dependence on
i = frequency cannot continue 10 be hnear but must saturate. The values i the ~3 dB™ volumn
3 ,' hegin to show the effect of saturation. The ratics of rows 4 to l. 3i02.and 6 10 3 are.
5 i respeciively. 1.8, 1.3 and 1.7 rather than a 2.0 ratio of frequencies. There were no LATA
3 or OAMS ammay measurements ai 30 Hr. However. the coherence measurements were very
i 5 poor at frequencics of 140 and 290 Hz (see Ref. i0). The calculstions of Table 3 strongly :
; E suggest that varation across the ammay is 3 principai cause of the foss of coherence. The
1' present study was limited to & frequency of 30 Hy because of storage limitations in the
' b norinal mode computer program. Compuiations at 150 H7 couid be made but would be :
2 5 refatively expensive. require considerable effort and are beyond the scope of the present study. g
o e E
’ ; (C) The adequacy of the range samphing in generating Table 3 was tested at 23 He
§ ' by calculating pereentages of range samples taken 2t 100-m range increments. These per-
B centages were exsentiaily the sanie as those already desenibed for 30-m range increments. !
S . : It appears then that 100-m increments were adequate for 23 Hz and. since the sampling
; =1 rate shouki he proportional to frequency . 30-m incremenis should be adequate for 30 Hz.
E The adequacy of the sampling rate was also determined by the investigation of Fiz. 27 !
3 as previously discussed.

N 4 (U) There is a further question about the normal mode resulis which is ot
e :msvscnd by Table 3. What is the distribution of range intenvals {or the caierones of Table 3.
¥ - . do the pzreentages of Tabie 3 result frem many small ssolaied intervals or from severat
huch contiguous intervals? As the imuial siep in addressing this question., 1o preces of data 3
E from row 5 of Tabie 3 were investigaled in detail. i.c.. the distribution of range intervals
E- 3 where the variation was under 3 dB and over 10 dB.
% ' (U) Figure 28 presents the percentage of range samples as a function of run kenagih. i
E 3 For example. for 8.3 percent of 201 range samples fr.e.. 17 samples) the varmation was over
< = 10 dB for a single 30-m interval The longest range interval for which the variation was over
“ 10 dB was 300 m and this occurred only oace. However. the vanaition was kess than 5 dB ;
S over three intervais which were 230 m icng. ;
3 ‘ () Consider now the case where the vafiation was under 3 dB. The longest range
?‘: . interval for which the vanation was {ess than 5 dB was 350 m and this occurred twice. ..
i ; -. . Iniervals of 130. 200. and 230 m occurred only once, once. and twice. respectively. :
£ 2 (L) An analysis. similar to that of Fig. 28, was made for all the configumations in g‘
B > Table 3. The first three columns of Table 4 are the ame as those of Takke 3. The nevd b
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Figure 28. (C) Pescenitage of 36-m range cuts vs run length over which the depth variation
in propagation loss 2t 30 17 exceeds 10 48 or is less than 5 dB. (C€)

Table 4. (C) Lengin of three longest Range Intervals for which the Depth Variation in
Propagatica Loss is izss than 5 dB or greater than 10 dB. (U)

ROW | FREQ (r1)

VARIATION
LESS THAN

5dB

VARIATION
GREATER THAN
10¢B

DEPTH INTERVAL | LONGEST

AND | 3RD | LONGEST | 2ND | 3RD
(m) (m) (m) (m) §{ (m)
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three columns cf Table 4 present tize length of the three longesi runs in the data where the
variation in propagation loss over the depth interval was less than 5 dB. The last three
columas of Table 4 are the corresponding values for instances in which the variation is
greater than 10 dB.

(C) Note that the run lengths for less than 5 dB are greater at 25 Hz than their
53G-Hz counterparts. This is not unexpected because it is already known that the fades occur
much more often at 30 Hz. These fades break up the l2ss than 5-dB regions. resulting in
shorter run lengths. In contrasi. the run lengths for greater than 10 dB are longer at 50 Hz
than for their 23-Hz counterparts. This result is somewnat surprising and may depend on
the particular level éi.e.. 10 dB) chosen for anailysis.

() Inany case Tabic 4 and Fig. 28 indiczte that ihe propagation is quite paichy.
The process is not statistical in the sense that it 1s random. The process is variable. with a
structure that is not clear—cut so that it mayv be described in some statistical sense.

(U) Note that in 10 cut of 12 cases. the entries of row 3 and row 6 are longer than
those of row 2 or row 3. respectively. This suggests thai the patch sizes are longer for a
deptr of 200 m than for a depth 300 m. Thus. 2rray performance migh: be more sporadic
at the deeper depth. This may account in pari for the difference between the OAMS
array and the LATA perfonmance.

(L) The application of Table 4 to towed arrays depends on range rate and inte-
gration time. The range rate 2t Site 1B was § knots. or 247 m minute. The integration
time for both the OAMS array and tie LATA was 4 min. Thus. the range changed by
988 m over the integration time. A determination of the exzct manner in which fades
affect armay coherence is bey ond the scope of this investigation. However, whenever a fade
appears across the array during the integration time. 2 nonlinear compencnt of phase wiil
be included in the processing procedure and the ccherence will be degraded to seme extent.

(L) Consider now that the patch size over which no significant fades occuris x
and that the integration time corfesponds to a range intenal v. The probability ihat s
lics completely within X is the folowing:

Oferx<v . (1a)
X7y forvsx<ly . {1b)
v
and
Fforx=2yv . (¢}

(C) Asan example of the application of this znalvsis. assume that no significant
degradation occurs if the variation in propagaiion loss is less than 5 dB. Thus. \ takes on
the vaiues of columns 4 to 6 of Table 4 while v 1s 988 m. corresponding to a $-min inte-
gration time and S-knot range rate. The oaly saluces of \ for which the probability is not
zcro ase the two longest run entires in Table 4 ai 23 Hz. The probability of these enirnies
for the OAMS zmray is 0.62. while the probability for the LATA at 200 m depth is 0.37.
Based on this assumption. performance would be poor even at 23 Hz because there is only
one run nterval over the range from 193 t6 203 km where a detection could be made.
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g ] There are no such mtervals at 39 Hzo This analysis is hypothetical. However. it provides a
; reasonable explanation of measured cbservations. i.e.. array coherence is sporadic with
2 range. armay cohierence is better for the OAMS array than for the LATA. and amray coher-
' ence 1s very poor at higher frequencics.
- 5 {C)r We anticipate that the general conditions investigated here theoretically for
; = Site 1B wouid also hold for Sites 1A, 2. 3. and 5. Site 4. however. is not bottcm-limited
3 but has a small depth excess. Convergence zones are prominent in propagation data at

i

290 H/ but appear indistingt at 25 Hz. There are two aspects of Site 4 which woulé tend to
increase the paich size of good propagution and. hence. array coherence. The first aspect is
the presence of convergence zones. The second is a greater bottom loss in the Semali Basin

il

PO

ToAS

I3
»og

E. 5 {Site 1) than in the Gulf of Oman or in the Indus Fan (remaining sites). This greater loss

; ) 4 wouid reduce the number of multipaths and. hence. increase the patch size.
'*‘ (U) This analysis of array coherence in terms of the variation of propagation loss

: across the array has been largely speculative. However. present plans call for a detailed
3 theoretical study in FY 80 of array processing in the BEARING STAKE cnvironment. A
: " normal mode modz1 would be developed for Sites 3. 4. and 35 as discussed here for Site 1B.

2 The acoustic ficld as generated by the mode model would be used as inputs to the array
o processing. bramiorming. and coherence algorithms. The theoreiical outputs of these

algorithms will be compared with those measured during the expeniment. This analysis

k = should also determine if there is a significant difference in the results of the OAMS array
. algorithms compared to the LATA algorithms. The question of optimum or improved
‘H 2 aizorithms for the BEARING STAKE environment should also be addressed.
~ T 3. 1)y AREA ASSESSMENT OF COHERENCE AND ARRAY SIGNAL GAIN
3.1 {U) INTRODUCTION
_‘, {C) For BEARING STAKE. phase coherence processing was done st six fre-
‘_ grrencies (22, 25 3236, 140 and 290 Hz) and at five sites (Site 3. 1B. 4. 5 and 2) for the
E OAMS array data. and the resulis are reported in Ref. 10. Phase coherence processing was
_ done at 25 and 36 Hr and at Sites 3 and 1B for the BMA. and the results are reported in
T3 Ret. 11, Phase coherence processing was done at 22 and 235 Hz and at Sites 4. 3 and 2 for

2 the LATA. and the resuits are reported in Refl 12, Array signal gain processing was done
only at 23 H7 for the OAMS arrav. the BMA. and the LATA. and the results are reported
- & in Ref. 13, The purpose of this section is to take this material from Refs. 10 through 13

‘ and perform an arca assessment of phase coaerence and array signal gain for these five sites
in the Northwestern Indian Ocean.

(UM Fisdyod

(U3 The information for this phase coherence and array signal gain arca assessment
report is tahen from Refs. 10 through 13 and is treated below in chronological order (ic.,
Sites 3. 1B 4.5 and 2). The tables and Geures from these references are prefixed by L IL
1 ana 'V for Refs. 1C. 11, 12 @nd 13, respectively. For example. Table 3 from Ref. 12
is denoted as Table 111-3.

{U) The phase coherence and array signal gain data for all three arrays can be
compared directh by using the timing of the data samples and the known positions versus
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time of the arravs and of the projector tow ship. When the arrays are not co-located (Sites 5

: - ard 2) thye possivly different propagation conditions along the diiferent propagation paths
“ 3 from the projector to the receivers should be kept in mind. Even when two arrays are co-
X j located. their different depths have to be considered with regard to possible differences of

e 2 : major propazation paths tc cach receiver (see Section 2.3).
- ES
B 3.2 (U) EFFECT OF SOUND PROPACATION ON
. AMPLITUDE FLUCTUATION
-_ ) ~ (U) Before beginning the site-by-site arez assessment for BEARING STAKE. it is
B comenient to appraise the effect of multipath svand propagation on amplitude fluctuation
g 3 over all the selected sites in the Nesthwestern Indien Ocean. In Section 2.4 the nature of
sound propagation during the BLARING STAKE exerene was discussed on a site-by-site
. basis. 1t was shown that tae degsee of botlom inieractions {as indicated by how many of
. the important rays contac? the dottom znd ai what angles) was highest for Site 1B and
- A lowest for Siie 3.
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(L) The izbles in Ref. 10 give €, isee Eq. (A-203 £ 4 Isce Eq.tA-15)]. and S,N
{the signal plus notse 1o noise ralic) for the OAMS array ; these quantities for the BMA and
the LATA are found in the tables of Refs. 11 and 12, respectively. These tables show that
generally the degree of amplizude fluctesiion. os micasured by Z 4. is largely range indepen-
dent and doces not increase much with freguency at each site and for 2ach amay. This
behavior 1s shewn in Table S on a site-by site basis tor cach array (the OAMS array data
covers all five sites while the BMA data applies only 1o Sites 3 and 1B. and the LATA data
apply oaiv to Sites 4. 3 and 2) and for signal plus nowse and for noise.

f Table 5. (U) The Degres of Amplitude Fluctuation. Z 4. (1)
: * OAMS BMAGLIBYLATA(ZS )
- S Signal plus Noise Nuise Signal plus Noise Noise
x 3 -
S Site 3 03-05 05-06 03-05 05-055
g 3 Site 1B 03-05 035-0.6 025053 05-0.55
e Site 4 0.2-04 05-0.6 0.2-05 035-055
e' = {before “crush event™)
g o3 Site 4 0.3-0.6 .6 0.2-03 05-035
i o {after “crush event™)
- Site § 03-03 055 0.2-95 05-0.5
H Site 2 04-053 G355 0.2-03 0355
: N (UY The SN levels for the OAMS array were high and comparabie for Sites 3. 1B.
2 4 and 3 and significanth lower for Site 2. where the scamount was preseni (see Scctien 2.4).
= Still Table 5 shows that the values of £y are comparable for all these sites. However. a
: 3 closer scrutiny of Table 5 does reveal some agreement with three phenomena that occurred
5 A during BFARING STAKE. Note that Site 4 15 divided inte two parts in the table: before
2 18
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and after the “crush event.” The “crush event™ occurred at 6400Z on 16 March 1977,
when ihie OAMS approacied its neminal crush dzpth (305 m). See Ref. 10 for more detaiis.
Note that OAMS signal plus nois. amplitude fluctuations were less at Site 4 before the
“crush event™ than after it. suggesting that the individual hvdrophones are producing more
seli-noise after having been damaged by the “crush event.”™ {This interpretation is supported
by noting that the OAMS noise amplitude fluctuation was also increased after the “crush
event.”) This is the tirst phenomenon that is discernible in Table 5. The second is seen by
noting that the OAMS signal plus noise amplituds luctuaticns are less at the first part of the
Site 4 152 than at any previous site. This occurs beczuse tae propagation conditions were
less disturbed by bottom interaction at Site 4 than at tae other sites. which were bottom-
limited te.g.. compaie Figs. 16 and 17). The third pheromenon relates 1o the DAMS array
being towed behind the seamount during the Site 2 exercise (as discuss2d in Section 2.4).
Note in Fig. 6 that projector tows for Sites 3 and 2 ovetlap in the Indus Fan. Therefore. it
appears that the main difference between projector tows SP1 and 2P3A is the presence of
the seamount between the 2P3A projector tow track and the OAMS z2rmay. As observed
from the tables in Ref. 10, the S'N values are lower for Site 2 than Site 5 by sbout 5 dB.
Table 3 agrees with this by showing higher OAMS signal plus noise amplitude fluctuation
at Site 2 than at Site 5,
(U) Here are some further observations from Table 5. With respect to BMA and
OAMS signal plus noise amplitude fluctuation behavia:. Sites 3 and 1B are 2ssentially the
same. Note that at both Sites 3 and 1B that the BMA and OAMS signal plus noise ampli-
tude fluctuation behavior is essentially the same. The LATA (in contrast to the OAMS)
fails to detect less signal plus noise amplitude fluctuation at Site 4 (which has little bottom
interaction) than at Site & (which is bottom-limited). In fact. the LATA sensed similar
signal plus noise amphitude {luctuation at Sites 4. 5 and 2. This appears to be due to the
more complex sound-speed profile that occurs at the LATA tow depth: see Scction 2.4.
Note that Sites 3 and 1B for the BMA and Sites 4. 5 and 2 for the LATA are esseatially
the same with fespect to sigaal plus noise amplituée fluctuation. Finally note that the
notse amplitude fluctization as measured with all three arrays is quite similar at ail five sites.

3.3 (U) DISCUSSION OF SITE 3

3.3.1 (U)y OAMS Armay Phase Coherence and Array Signal Gain

(C) The OAMS phase coherence data analvsis for Site 3 is summarized in Tables -3
through -9 and in Figures I-2 through I-28 {Ref. 10) for 25.42. 140 and 290 Hz. The
OAMS array signal gain data analysis for Site 3 is summarized in Tables 1V-1 through 1V-3
and Figures 1V-2 through V-7 (Ref. 13) for 23 and 42 Hz. The tables give AT (the averag-
ing time interval) 20 legy g A, the source bearing b {see Eq. (A-3). Cp. I - CrlseekEq.
(A1) ASG [or weighted and unweighted beamformers:see Eq. tA-2)L S, N (the signal
plus noise {0 noise o i dB). and the range R, Based vpen these results some observa-
trons can be made about the phase coltersace tas measured by C!‘) and the array signal gain
tas measured by ASC) ai Site 3 for the OAMS amray.
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g 3 (C) The OAMS array phase coherence and array signal gain data were taxen on £
E: . three linear projector tows across the center of the Indus Fan: see projector tows 3P 2
’ 3 (i.c.. projector tow P1 for Site 3). 3P3 and 3P4 in Fig. 3. The relevant figures and tables of 3
4 = Ref 10 show that the phase coherence decreases severely as the frequency increases from 25 g
e to 290 Hz. while the S'N values remain comparable and high. This S/N behavior is explained 2
B as follows. Although the projector source level was 12ss at higher frequencies and although §
B - the propagation loss increases with frequency due to higher bottom reflection losses. the §
H ambient noise level also was less at higher frcquc.m.us and this kept the S/N values high. E
y: While there is a decrease in phase coberence with inc s ng frequency (while SN remains g
j' 2-;” high). which is reievart to array performance for these higher frequencies (1.e.. 140 and §
- é 290 Hz). the real significance of this trend must be \.Unsldﬁffd in terms of array length §
- 3 dnided by the wavelength. This is important because it has been observed that coherence "aé
S can decrease as the aperture length (in units of wavelength) increases. Therefore. the best b
. - way io compare arrays at diffzrent frequencies is in terms of phase coherence for constant
; -3 apertur: Jeagth in uniis of wavelengih. This latter procedure is suggzsted for more detailed
‘.. 4— studics of phase cohierence versus frequency.
E (C) Figures I-2 through 1-10 (Ref 10) and Figures IV-2 through IV-7 (Ref. 13) 3
B show that the phase coherence and the array signal gain. respectively. are generally range ?
’A .5 independent up to about 310 km. s an example sze Figs. 29 and 30. which correspond to KB
; ‘ projcclor tow 3P4 at 23 Hz. (For c=amples of 140- and 290-Hz results. see Figs. 31 and {
E- = 32 respectively.) Note the wide variability ch and ASG with range due to multipath :
- ’ interference in this bottom-limitcd Lnuronm»n- \\nh its complex sound-speed profile
g 38 structure tsee Section 2.4). Reference 12 discusses the vanving structure of the signal field
g along the array that causes the high variability of C_ and ASG. The scatter of values that :
. _ : appear in Figs. 29, 30. etc. is due to undersampling of rangewise continuous functions. 2
. 5 Figures IV-2 and IV-3.1V~} and IV-5_and V-6 and IV-7 show that the values of ASG are '
. somewhat better for the Hammiing-weighted OAMS arrav than for the unweighted array.
? = This is. of course. not surprising in a multipath environment since the weighting decreases
: 3 the contribution to ASG of sensor zroup pairs at greater separations. i.e.. reducing the
3 effective array aperture. .
B - o4 :
; = 3.3.2 (U) BMA Phase Coherence and Array Signal Gain :
;3 3 {C) The BMA phase coherence data analysis for Site 3 is summarized in Tables :
E 3 -1 ard 11-2 and in Figures 11-5 and 1I-6 (Ret. 1 1) for 25 and 36 Hz. The BMA armay signal :
: = gain data analysis for Site 3 is summarized in Tables IV-14 and 1V-15 and in Figures 1V-28 ,
. and IV-292 (Ref. 13) for 25 and 36 tlz. The BMA phase coherence and array signal gain :
3 k> data were taken on two straight projector tows across the center of the Indus Fan: see
. N 3 projector tews 3P2 and 3P4 in Fig. 3. Figures 11-15 and 11-16 and Figures 1V-30 and ¢
- 5 1V-31 show that the phase coherence and the array signal gain. respectively. are generaliy .
‘ = range independent up to 300 km. As an example. see Figs. 33 and 34. which corresponé z
| ; - to projector tow 3P4 at 25 Hs. Nete the wide vanability of (' ana ASG with range that ~?
] . 3 was observed in Section 3.3.1 :
‘ :
?; "é
1
b 3
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b .
3.3.3 (U) Comparison of the BMA and the OAMS Array
; &
E: (C) Figures 29, 30. 33, and 34 give the refative phase coherence behavior and the
3 2 relative amay signal gain behinior on projector tow 3P4 of the OAMS array (with the source
ke 5 beanng near 90 deg) 1o, near broadside and the BMA (with the source bearing near 16 deg)
. 3 as a function of raage 3t 23 Hz. As can be seen from these figures. the performances of the
E: ‘ bottom-mounted 2nd the mid-depth towed ammayvs are comparable. Therefore. it appears
H: l that for this botiem-iimited region of the Northwesiern Indian Ocean. the phase coherence
‘t ; aad the array signal gain performances are essentially ihe same for bottom-mounied and
3 y mud-depth towed ammays. As was shown in Ret. 11 the sensor spacing for the BMA at Site 3
_ k> was considerabhy different from that for the OAMS arrey . To obiain a more neariy accurate
2 companson of the towed array with the BMAL a subset OAMS arnay (configured similarly
i 1 seasor spacing io the BMA ai Siic 31 was studied. References 11 and 13 show that this

sithawei towed ammay pertormed exsentially the same as the bottom-mounted array with
regard 10 phase coherence and array signal gain behavior. Incidentallv. Figures IV-6. V-7
and IV-33 show that the unweighicd totai and subset OAMS arrovs are similar in ASS range-
wise performance. while ihe weighted OAMS ammey slightlyv ouiperforms beth these cases.

oy €‘| LAEA s irg o orved LU AY ge0r

3.4 (Uy DISCUSSION OF SITE 1B

341 (U) OAMS Armay Phase Cehererce and Asmay Signal Gain

(C) The OAMS array phase coherenace daia anaiy <is for Site 1B is summanzed in
Tables I-10 through I-12 _ad in Figures |29 thyough 1-31 (Ref. 10) for 25, 140 and 290 Hz.
The OAMS array signal gain data analy<s for Site 1B is summarized in Table IVt and in
Figares IV-8 and IV-9 {Rei. 13) for 25 Hz. The OAMS array phase coherence and amray
signal gain data were taken o ong linear projecior tow over the Oman Basin: see proje<ior
iow IBPIa Fig. 4. The refevant figures and tables of Ret. 10 show that the phase coher-
ence decreases severely as the frequency increases frem 235 1o 290 Hz while the SN values
remain comparable and high. This i~ sumilar 10 tiwe behavior for Site 3 and the expiznation
given in Section 3.3.1 apphies here also. Figures 35 and 36 <how that the phase coherence
aad the armay signal gam is generath range independen? up to about 200 k. where they
decrease somew hat with range out to about 300 k. This decrease in phase coherence and
ammay signal gain cormesponds 2o the source being toved orer an irregular sioping bottom a»
shown in Fig. 4. There i no significant decrease in S N\ values during the tow over the
sloping irregular botiont. so the decreawe in phase cohereace and array signal gain appears
10 be caused by the wregutanity of the bottom contour. Noie the wide vanability in C
and ASG wiih range due to multipath interierence i increased by the irregular bottom siope
region. Comparing Figures IV-S and V-9 <hows that the values of ASG are somewhat better
for the werghied OAMS amay than for the unweighted array . This was also observed in
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3.4.2 (L) BMA Phase Coherence and Array Signal Gain

(CY The BMA phase coherened data analysis for Site 1B is summarized in Tabks
11-3 through 117 and in Figures H-21 through =33 (Ref. 112 for 23, 36 and 42 Hz, Tae
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Figure 35. (C) Phase coherence 2s a function of range: OAMS
array: Site 1B:track 1BP1:25 Hz: 19-20 Februarv1977. (C)
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Figaie 36. (C) A\inay signal gain vs sange. calculations with unity
weights. OAMS arzay :Site 1 B:tzack 1BPY:19-20 February: 25 Hz. (C)
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i3 BMA array signal gain data analysis for Site 1B 1s summuarized in Tables IV-16 through 1V-20
: and in Figures 1V-30 through IV-34 (Ref. 13) for 23, 36, and 42 Hz. The BMA phas_-: coher-
it 53 ence and array signal gain data were taken on five projector tows over the Oman Basin:sze
E 2 projector iows 1BP1. 18P, IBP3. 1BP2 and 1BPS. Only the results for projector tow 1BP1
3 are of interest here since the resulis for the other tows agree with the behavior for tow 1BPI
f & discussed. Figures 37 and 38 show that the phase coherence and the array signal gam are
» » geaerally range independent up io about 300 kmi. ang the wregular botiom slope has no
i apparent effect on ASG beyond 200 km. Note the wide varability of C, and ASG with
¢ Z range due 1o muliipath interference is not increased by the irsegular botiom slope region.

¥
‘ = 3.4.3 (U) Cemparison of the BMA and the OAMS Armay
., (O Figures 33 through 38 give ihe refative phase coherence behavior and the
5 2 relative array signal gain behavior on projector tow 1BPI for the OAMS amay (with the
;- ’ source bearing generally between 75 and 100 deg) and the BMA (with the source beanng
' 4 near 160 degi as a function of range st 23 Hz. As can be scen frem these figures. for the
E b botiom-mounicd arv the phase coherence and the array signal zain showed no rangewise
j £ increase in vanability and no rangew e change due io the irrezular botiom slope (possibly
3 : due 1o ihe presence of bottom paths). On the other kand. for the mid-depth towed amay.
the phase coherence and the array signal gain decreased and became more vanable as the
;! _ ’ projector was towed over -he irregular sloping bottom. Observe that the phase coherence
£ : behavior and the arrav signal gain behasior of the bottom-mounted and the mud-depth
% = towed amays were comparable before the irrezular botiom sloping ranges (this is in agree-
* : ment with the results for projecior tow 3P4 in Section 3.3.3). Therefore. it appears that
= & for this bottom-limited region (acar Site 1 B) of the Northwestiern Indian Ocean the phase
: voherence and the ammay signal gain perfonmances are essentially the same for boitom-
3 = mousted and mid-depth towed (above 230 m: see Section 2.4) armays except for the irregu-
T lar bottom slope region. Figures 29, 30. and 33 through 38 show that the phase coherence
. bzhavior and the array signal gain behavior at Siie 3 2nd at Siie 1B (until the irregular
5 B bottom slope region) are comparable for the BMA and the OAMS array. Therefore. it
3 ': appears that there is no significant difference in phase coherence and airay signal gain
behavior between these two sites. This is espeaally true Jue to the wide rangewise van-
2 abitity of C_ and ASG caused by the muliipath interference in these bottom-limiicd
Z e regions with their complex sound=<peed profiles.  As was shown n Ref. 1i. the seasor
_ E: spacing for t ¢ BMA at Site 1B was considerably differeni fromn ihat for the QAMS armay.
- z To obiain 2 more nearly accurate comparison of the towed armay with the BMAL a subset
f E: OAMS amay (configured simifarly in sensor spacing to the BMA ai Site !B) was studied.
g ek References 10 and 11 show thai this subsct towed array perfonmed essertially the samie as
g the botiom-mountaed 2rmay with regard to phase coherence and array signal gain behavior
3 E except that the BMA behavior was much less disturbed by the irregular slopiing betion.
E: 5 : This latter phenomenon may indicaie that the BMA was receiving 2 sigmificant amount of
s 3 sound propagation through bottom paths. Incidentalh . Figures iV-S. IV-9 and IV-36 show
i = that the unweighicd and the subset OAMS arayvs are similar in ASG raagewise behavior.
B ;‘ while the weighted OAMS array slightly outperfors both these cases.
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R 3 3.5 (U) DISCUSSION OF SITE 4
- &0
P 3.53.1 (U) OAMS Armay Phase Coherence and Arrzy Signal Gain
- ';; {C) The OAMS phase coherence data analysis for Site 4 is summarized in Tables
e I-13 through |- 20 and in Figures [-38 through 1-41 (Ret. 10) for 25. 36 and 140 Hz. The

s A OAMS array signai gain d 1ta analysis for Site 4 is sumunarized ‘n Tables 1V-3 through IV-7

N
53 3 and in Figs. IV-10 through IV-15 1Ref. 13) tor 25 and 36 Hz. The OAAMS array phase coher-
P ence and array signal gain data were taken on three projector tows in the Somali Basin:

] o5 see projector iows 4P 4P3 and 4P35 in Fig. 3. The relevant figures and iables of Ref. 10
2 show that the phase coherence decreases severely as the frequencey increases from 23 to
S 130 Hz_ while the S N vilues remam comparabie and high. This is similar to the behavior
3 for Sites 3 and 1B and the expianaiion is given in Section 3.3.1. Figures 39 and 10 chow
i 3 that the phase coherence and the array ~ignal gain are genenally ranzge independent up to
_» " about 130 km on projector tow 4P1 at 25 Hz. Notce the wide variability of C,, and ASG
L > with range due to multipath interference. Comparning Figs. 29, 30. 39. and 40 shows that
- the phase coherence and the array signal gain is Izss vanable on projector tow 1P1 than
I on projector tow 3P4, This behavior refiects the tact that the Site 3 is botiom-limited while
3 ,, Siie 4 is not (see Section 2.4). Figures 41 2nd 42 show that the phase coherence and the
T array signal gain are apperently range independent on projecior tow 4P3 at 36 Hz up to
.. about 250 km. This decrease in space coherence and amray signal gain corresponds to the
E = source being towed over aa irreguiar sloping bottom as shown in Fig. 5. Because there is
E 3 ro significant decrease in S N values during the tow over the hireguiar sloping bottom.
g = the decrease in phase coherence and armay signal gain appears to be caused by the irregu-

= lanity of the bottom slope region. This behavior also occurred on 1BP) ard is discussed ia
Scction 3.3.1. Figures 1-39 and IV-13 show the C | and ASG values. respectively, for the arc

5 tow 4P3 at 235 Hz. Here the low values occur at low S N values and there appears to be no
S bearing dependence in C ) and ASG. Figures IV-10 and IV-11.IV-12 and IV-i3. and IV-i4
and IV-13 show that the values of ASG are somewhat beiter for the weighted OAMS armay
3 = than for the unweighted arrars. This was also obwenved in Sections 3.3.1 and 3.4.1. Unfor-
= tunately much inieresting OAMS coherence daita was lost o 17 and 1S March 1977 because
B ; the source frequency went to 39 Hy rather than the planned fizquency of 36 iz, (The
= quadnature detector had not been built 1o handle 39 Hz)

; 3.3.2 (U) LATA Phase Coherence and Ammay Siznal Gain
f _ < (C) The LATA phase coherence data analvsis for Site 4 is summarized in Tables
£ 1H-2 through i~} and in Figs. 1-17, 1321, and H1-23 (Ref. 12) for 25 Hz. The LATA

N7 ARy
AR,

amray signal gain data analysis for Site 4 is summarized in Tables IV-2 through IV~ and in
Figs IV-17.IV-21 and IV-23 (Ref. 13y for 23 Hs. The LATA array signal gain data 2nalysis
for Site 4 was taken on three projecior tows in the Somalt Basin: sz projector tows $P1.
4P2 and 4P3 in Fig. 3. Onby the results for projector tow 4P1 will be considered here since
the resulis for projector tows P2 and 4P3 are essentially the same. Figures 43 and 4 show
that both the phase coherence and the array signal 2ain are generalhy range independent up
to about 260 km. but both vany greatly due 1o multipath interference and the sound-speed
profile small-scale structure discussed in Section 2.4,
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! %8 o
. 33 ) 3.53.3 (U) Comparison of the LATA and the OAMS Armay
f e
e (C) Figures 39.40. 43 and 44 give the relative phase cofierence behavior ard the
_1 = relative 2rray signal gain brhavior on the projector tow 4P1 of the OAMS array (with the
i source bearing near 90 deg) and of the LATA (with source bearing varving from 30 to
B o 168 deg) as a function of range at 25 Hz. As can be seen from thess figures. the OAMS
-3 \1 phase coherence and srray \x_ndl gain was higher and far less varable than for the LATA.
3 g As discussed in Section 2.4, this diffesence in behavior is aitributed to the OAMS array
g - X operating at 200 m. which 1s above the complex sound-speed profile structure that occurs
E - 3 belew about 250 m. and the LAT A operating at 300 m. which is definitely in the more
° - comple profile structure.
i V (V) The differen: aperture kengths and hy drophone group spaciang oif LATA with
. "“ respect 10 those for the OAMS array have t¢ be considered in this comparison. By using a
k3 LATA subset array that matched the OAMS array geometn fairiy weli (see Ref. 12).1tis
X shown that the rangewise varability n the subset LATA data was only slightly reduced
3 from that for the total LATAL
E 3
g = 3.6 (U) DISCUSSION OF SITE 3
z =l
E- 3 3.6.7 tU) OAMS Amay Phase Coherence and Array Signal Gain
E =
% T (C) The OAMS array phase coherence data analysis for Site .' summ:m;'-'d in
'. 1» Tables I-21 thrcugh 1-25 and in Figures 1~48 through 1-532 (Ref. 10) for 2 . 140 and
3 & 290 Hz. The OAMS array signal gain data aaaiysis for Site 3 is sum'nar'hd in TaD!es IV-8
~ ';_ through IV-10 and in Figures IV-16 through IV-21 {Ref. 13) for 25 and 36 Hz. The OAMS
3 ‘ array phase cohsrence and array signal gain data were taken on thiee projector tows over the
g indus Fan and the Carlsberg Ridge: see projuctor tows 3P1. 3P3 and 5P5 in Fig. 6. Only the
3 results for projector tow 3P1 will be comsidered here since the S N values on the other pro-
B "“ jector tows were generzlly low. The relevant figures and tables of Ref. 10 show that the
% & phase coherence decreases severely as the frequency increases from 25 to 140 Hz. while the
E 3 SN values remain comparable and high. This is similar to the behavior for Sites 3. 1B and 4.
5 H and the explanation is given in Section 3.3.1. Figures 45 and <6 show that the phase coher-
E :" ence and the ammay signal gain are generally range independent up to about 730 km. Note
’ again the wide vamability in C_ and ASG with range due te multipath interference. Compar-
P ing Figs. 39.40. 45 and 46 shows that ihe phase coherence and the array signal gaine sre less
i: E variable on projector tow 4P1 than on projecior tow 5P, This behavror reflects the fact
g S that the data for the bottom-limited Site § is more variable than the data for Site -1, which is
not bottom-limited (see Section 2.4). Figures IV-16 and 1V-17 show that the values of ASG
= are somewhat better for the weighited OAMS armmay than for the unweighted array.
4
' 3.6.2 (U) LATA Phase Coherence and Asray Signal Gain
: (C) The LATA phase coherence data snaivsis for Site 3 is summarized in Table

T - HI-5 aad in Figure 111-29 (Ref. 12) for 25 Hz. The LATA amay signal gain data analysis for
' Site 5 is summarized in Tabie IV-26 and in Fig. IV40 (Ref. 13) for 25 Hz. Nothing will be
said sbout the LATA results at Site 3 since not much LATA data was processed for Site 5
due to time constrzints placed on the project.
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3.7 (U) DISCUSSION OF SITE 2

3.7.1 (U) OAMS Array Phase Coherence and Array Signal Gain

(C) The OAMS array phase coherence data analysis for Site 2 is summarized in
Tables 1-26 through §-31 and in Figures 1-63 through I-68 (Ref. 10) for 25 and 140 Hz. The
OAMS array signal gain data analysis for Site 2 is summarized 1 Tables IV-11 through I'V-13
and in Figures IV-22 through IV-27 {Ref. 13) for 25 Hz. Th2 OAMS array phase coherence
and array signal gain data were taken on three prejector tows over the Indus Fan: see pro-
jector tows 2P2. 2P3A and 2P3 in Fig. 6. Unfortunately alf the OAMS array tows for Site 2
were congucted. as shown in Fig. 6. behind an clongated scamount in the eastern Indus Fan.
Figure 18 shows the effect of the scamous:. on some ray traces for a tvpical Site 2 case. and
Section 2.4 discusses the consequences of the presence of a seamount near Site 2. Figures 47
and 48 show that the phase coherence and the array signal gain were generally range inde-
pendent up to abeui 1060 kin but were somewhat reduced and much more variable on
projector tow 2F3A (scamount) than the comparable case of projector tow 3P1 (no sea-
rount) shown in Figs. 45 and 46. Tables 1-21 and |-28A show that the S/N values were
about an average of 5 dB higher and less variable at similar ranges for projector tow 5P1
than for prajector tow 2P3A. {n shori. given conditions which are otherwise identical (i.e..
same rangs 2nd source strength). the scamoun? produces perturbations in the measurements
of phase coherence 2nd array signal gain that would otherwise not have appeared. This
situation seems 0 account for the reduced SN values for Site 2.

3.7.2 (U) LATA Phase Coherence arzd Array Signal Gsin

(C) The LATA phase coherence data analysis for Site 2 is summarized in Table
1i1-6 and 11i-7 and in Figures H1-33 and H1-34 (Ref. 12) for 25 }iz. The LATA array signal
gain analysis for Site 2 is summarized in Tables IV-27 and IV-28 and in Figures IV and
V42 iRef. 13) for 23 Hz. The LATA phase coherence and array signal gain analysis daia
were taken on two projecior tows over the Indus Fan: see projector tows 2P3A and 2P3 in
Fiz. 6. The resulis for these two tows are very similar. Figures 49 and 50 show that both
the phase coherence and the array signal gain are generally range independent up to aboui
S50 km. but both vary greatly duc 1o multipath interference and the small-scale sound-
speed profile structure discussed in Section 2.4, The source bearing varied from 10 te 150
deg. Due to the influence of the stamount on the OAMS data. a useful companison of the
LATA z2ad the OAMS array results at Site 2 cannot be made.
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5. (U) CONCLUSIONS

{C) Since the Northwestern Indian Ocean is usually bottom-limited and the sound-
speed orofiles are complex. 2 considerable rangewise variability exists in the plots of phase
coherence 2nd array signal guin for this multipath environment. This variability increases
duc 1o the presence of irregular bottom slopes as well as scamounts. This vanability is the
dominant <haractenstic of this body of water when the performance of long horizonial
acoustic arrays is considered. Thence. 2 general assessment of signal coherence for the
Northwestern Iadian Ocean. based on the BEARING STAKE data. is as feilews. The
coherence will be a mapageable problem for the performance of long bottom-mounted and
mid-depth towed array systems used for surveillance if sufficient rangewise sampling is
cmploved and the towed arrayvs are not operated in the depth region of complex sound-
speed profile structure.

(C) From the detailed arca assessment in Section 3 several conclusions can be
reached about the performance of long horizontal acoustic arravs in the Northwestermn
Indian Gcean.

i.  (U) The degree of amplitude fluctuations. as measured by X 4. does not
chenge much with frequesicy and is larzely range indepeadeni up to about 1000 km even
over irregular sloping bottoms.

2. tU) The phase coberence decreases severely with increasing frequency. even
when the S X values remain high enough that noise correlations are negligible This behavior
1s discussed in detail in Section 3.3.1. Because the phase coherence decreases severely with
tacseasing frequency. the army signai gain should 2iso decrease markedly with frequency
IRCTeases: sce Appendix.

3. (U) The phase coherence and the array signal gain are generally range inde-

>

pendent up to about 1000 km except when the projector is passing over an irregular sloping
boitom. They decrease and become more variable for a mid-depth towed array. but not for
a kottom-mounied armay. when the projector is passing over an irregular sloping botiom.
This behavior may retlect the importance of boitom-propagated sound paths for 2 bottom-
mounted amray.,

4. {0y The phase coherence and the array signal gain are widely variable with
range due to multipath interference and become moge vanable in an irregular bottom
slope region for a mid-depth towed array, but not for 2 bottem-mounted armay. They were
less variable at the only site (Site 1), where propagation was not bottom-limited.

5. (C) The relative phase coherence behavior and the relative amray signal gain
behavior of a mid-depth towsed array 2nd of a bottom-mounted array were compared on
projector tows 3P4 (in Scction 3.3.3) 2nd 1BP1 {in Scction 3.4.3) at 25 Hz. The perform-
anges on the bottom-mounted array (at about 20 deg off cndfire) and the mid-depth towzd
array (near breadside) were comparable and neither armmay showed a mngewise deduction in
phase coherence and in armay signal gain (exeept in the irrepular bottom slope region on
projector tow 1BP1Y. Therefore. it appenrs that for the botiom-limited regions of the
Northwestemn Indian Occan the phase coherense and 1ie array signal gain behavior of the
bottonr-mounted and mid-depth (above zbout 230 m) towed 2imays are essentially the
same. Secr Section 2.4 for a discussion of arrays towed below 230 m.
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6. (U) It was observed that the sensor spacing configuration for the BMA at
Sites 3 and 1B were considerably different from the OAMS ammay sensor group spacing. To
obtain a more accurate comparison of the towed array with the BMA. subset OAMS ammavs
(ceafigured similardy in scnsor spacing to the BMA at Sites 3 and 1B) were studied. It was
found that the bottom-mounted array s performed essentially the same as the subset towed
amrays and thai again no amay showed amy rangewise reduciion in phase coherence and array
signal gain (eacept in the iriegular bottom slepe region on projzctor iow 1BP1). The subset
OAMS amays periermed essentially the same as the total QAN L array for phase coherence
and amay signal gain.

7. (U) There is no significant difference in phase coherence or in array signal
22in behavier between the bottom-limited regions near Sites 3 and 1B. while the Site 4
region (which 1s not boltom-limited) evinced less variable behavior.

8. () In the Northwestern Indizn Ocean. the surveillance performance of towed
amrays may be sigmificanily dependent on the array tow depths bzcause of the preseace of a
mid-depih region of sound-speed profile complexity (see Section 2.4).

9. (U) When soun t was received by the OAMS zrmay from 2 source towed behind
a scamount for Site 2. the SN\ was often oo low 1o allow estimation of phase coherence

and amrayv signal 2an.
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3 5 APPENDIX:

=3 METHODOLOGY OF COHERENCE AND ARRAY SIGNAL GAIN (U)

) b

. A.1 (U) INTRODPUCTION

2 (C) Coherence measurements were conducted during BEARING STAKE because
g " signal plus noise coherence gives a quantitative measuse of array performance under a
4 sariety of oceanographic conditions when the SN is suificiently high. This permits the

3 g etaluation and direct comparison of passive surveillance systems under varying test condi-
o tions. In particular. in comparing the fixed horizontal bottom-mounted array with the
. = towed horizontal mid-depth ammays in the Northwestern Indian Ocean cnvironment. the
: 23 coherence along cach amray vields performance as a funciion of {requency and of range from

the towed source as i1 travels over a varving ocean bottom. The array with the lzrzest
coherence tnomalized to have a maximum of unity } wilf give the better signal mput to the
beamiormer at the given frequency. A plane wave (ie.. a unidirectional received signal).
homogencous in amplitade afong a straigh:t horizontal array . is 2ssumed in the design of
conventional beamformers. Therefore. the coherence along the array can be used as a
measure of becmformer performance degradation due to noaplanar. nonhomogeneous
signals and. or array deformation. The phase coherence and array signal gain measure the
degradation in beam directivity as 2 function of range and frequency while the amplitude
nonhomogencity relstes to the degradation in the expected sideiobe suppression. Thus.
the measurement of phase coherence and array signal gain gives the relative merits of arrays.
- 5 Since the ammay with the fargest coherence twhen the aperture size is comparable and the
frequency is the same) provides the best mean signal plus noise input to 2 conventional
beamformer. it repiesents the best detection performance capabilitics under the prevail-
inz conditions. Likewise. the largest array signal gain vields the dest ouiput for 2 conven-
tional beamformer.
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(U) This report is concemed with the study of phase coherence and array signal
zain for long. horizontal hins arrayvs receiving multipath signals from long-range. narrowband.
low-frequency iowed CW projectors in the genzmalhy bottom-limited Northwestern Indian
Occan. Narrowband analysis techniques pernmit the undersianding and quantificaiicn of
fundariental signal data tha: significanthy cffect realizable system performance. Thercfore.
they provide a valuable method for evaluaiing and comparing passive surevillance ammay
systenms. The phase coherence permiis relzting the array signal daia (o the reduction in
= the aciual armay performance from that expected for an ideai armay in an ideal (vertically
: vaniable onlv ) mediuni. Considening array sigaal gain directly relates actual performance te
that expected for a conventional lincar beamformer under ideal conditions.
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A.2 (U) PHASE COHERENCE

X

\

adbisn

{U) The namrowband. multipath signal plus noisc arriving st the j‘h SCNSOF group
along the long honizontal array at time 1 ¢an be described by the relation A, cos(¢; - wil
where A is the amplitude. 9. is the received phase. and w is the anguiar freguency. (The
guantitics A . ¢, and w arc :nl‘l reall) it is assumed. when using the above signal plus noise
form. that the slowly varving functions .-\J and °; can e considered constant for time
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periods less than 207 . The classicai definition for the coherence of two complex wave-
torms Fy and Fais

D Oy FD T
(ﬁﬂ) =—1 = <y . (A-1)

{F F 7 F-F )

where the operator ( - represents the time average (generally over about 4 min for BEAR-
ING STAKE data) and the astensk denotes the compiea conjugate. For conveniznce in
narrov. band sonar array analy sis. the ciassical coherence approach is modified as follows.
the composite (duc to multipsth armizls) instantancous. narrowband response of the jth
sensor group ¢an be represented (2fter bascbanding by 2 quadrzature detector) by

ci[c_')j-( w-u, i - (A2)

where wq is the angular frequency at the cenier of the frequency bin. Te determine the
branng P of the source of interest ihe approprisie peak B(d) of the phasc-onls linear
bramfonmer output.

] J
By = ! Y(~ {to; ~o )k (d. -dgrcos D < | (A-3)
= 3 . COS O} ¢ Ko J 4 COos = R
5= @l

i+ found. where K is ihe wavenumber. J is the tot2l number of sensor groups in the array.
and d, is the distance from the center of the first sensor group 1o the center of the jm sensor
group (d =03 b is chosen to be zevo for a forward endfire arrival. Then the “s2eered phase™

Bj =9 - x;)dj cos P (A1)

is computed. (Note that 0, = 6¢ for ail j # Uwith j.lei 1.J] when 2 plane wave is received by
2 lincar. horizontal armay .y The signal pius noise. steered toward P is ebtained as

c‘wj w1 —ikodj cos Pt

ti = :\j = 'j < ‘.’":‘)
It is assumed that the instantancous amplitude can be wiitien 23

A SADEFBAN.

.\J \j \) {A-0)

where 8 s thr amplitude fluctuation and (A2 = L\ for j3 represents tie amphitude
varniation nonhomogeneity . The term “fluctudiion”™ denotes the rapid time-wise chenges
thai can be averaged out. Icaving the slowh changing mean structure that is referred toas
the “vanaton™ of the physical parameter of intersst.

1U) It is interesting te consider brefiy the multipath decomposition of f’;. For M
multipaths to sensor group j
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oM
io: VI
Aj-:'JE Z amjcymJ . (A-T)
m=1

where U = K d; cos ‘l'm. 1s 3 linear superposition so a linear beamformer treats cach
contributing path independentiy. Then
M

if8—tw-w il _ -ilw-w )t T oo
= Ao ) o = o . mj X
f} Aje e ) 2mje . {A-8)
m=1

where £,: = kodj(cos tl'm - cos $). Define the beamformer output (before averaging and
with \\'ciefns \\'j) as

ijquré‘

-
o

\oa
i
et
~
]
=

‘vi“rt :‘\j:\t oS (Oj - 0‘:)

5
A

1
[-.\ A .
[\/l [

3
y- “'}- mj

N W g €05 (07 - 0pe)
&=

e

[V
1]

-~

\\‘j 3mj \S"Q 2,¢ COs ‘omj -ome!

N
M- %
N

E

1

=
-
I
-
[y
n

s

M-I M J
{A9)

i
) 2.

m=l n=m+l j=

M-

‘n"-j amj Wt 3‘.'( CoOs (Qmj - Ong)

—
—
~

1]
—

where the operator ¢ - : represents the complex preduct and where the first term in

Eq. {A-9) represents the same path contributions and gives a fincar superposition of the
formed beams  The sccond term in Eq. (A-9) represents the cross-path contributions.

and unless the presence of many paths causes this term to average 1o zero. it will represent
a distortion of the sidelobe structure iwhich becomes appareat when & is varied from &

through all its values).
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,L ' (V) The classical coherence (v {!‘ between sensor groups j 2nd € could be synop-

z =2 sized by the coherence coefficiens

N <3

§ - U

S % . " ) -9

. (c=—l:,\ A 1 - (A-10)
b 3 e

E z However. (v ‘)' mixes the ampitiude A and phase ¢; of the jth sensor group signal plus

g o noise F; in Jd manaer which is difficult to interpret in terms of the causes of the array

i = performance degradation. Therefore. the phase and amplitude are separated by a quadrature
£ deiector and 0, 1s found viz Eq. (A-3) and Btd). Then the array coherence beiween the

jm and ¢ sensor aroups is defined as

: (.15
: 4 = Re __L___ -
£ ‘[J\ Re T )Uf‘:) ('\]l)

BA cah g4

(:\j:\& COs ‘OJ -0

"Ms .

; = — {A-11a)
(AP

F & = ——— {cos (0, - 6} (A-11H)
3 AL Gy )

T P

3 under the Talpey decorrelation assumption {see Ref. |

g CUAL o3 185 - 00 = LA fees 18 - 0 D (A-12)
E

Z 4 afere \.\].-\.‘ is an clement of the amplitude corela zon mairix and (goswp& ¥} is an lement
E 3 ) ) o ._0

.3 of the phase coherence matrix. Detining Re vi.-\J A¢e ¢ M as the amay cohtrcncc would
e - have aliowed the scaiter of (A, A tdue to (.—\j) = {A¢) 1o confuse the good quality of the

- = «olicrence that » mually prexent. The Talpey decorrelation asumption that was applied in
3 ; 1q. (tA-11b) is not meant tomph that A and 2, are staiisiically independent. but oniy ihat
£ 3 the quantities A A¢ and cos 18:-00) are at most weakly correlated. so that Eq. §A-12) is just
e N a zood approumation. The Talpey decorrelation asumption was tested sy noptically by the
z e Talpey cocfficient

e 2

« b {-“ \J' (.‘\'.‘\Q !.'(".“0"0(‘) -
: (‘TE - J._ } \ J J 1 (A-13)
-1 —  —  (AAJDCost0.0)

E FET I T it Udng T

3 . and found 1o be genenally justified (ic.. Cy is usually acar unity) as shown in the tables in

Refs. 10 through 13. However. for reservations on the appiicatior of Cy in the North-
westem Indian Ocean. see Ref. 12,

kS
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(U) The output E of a standard processor (i.e.. the beamformed. squared and
time-averaged output) ¢an be written in the useful form {(with the Talpey decorrelation
assumption):

) IR
E=D D42 D (A ost0j9g) - (A-19)
=1 =1 E=j]

The amplitude correlation matrix {{A,A¢}] is related to the composite amglitude noniiomo-
genity. The phase coherence matrix [’(cos(O ~€¢0] evinces the relative array distortion duz
to wavefront corrugation (i ¢., nonplanar am\als) and.or array deformation. The ampiitude
nonhomogeneity that rcsults. through multipath addition. from a lincar superposition of
amray signal plus noise cannot be decomposed through amplitude correlation techniques ang.
therctore, these techniguss cannot be used to study their effects on the outputs of lincar
beamformers: they caa only tr2at their effects on the outputs of arrays. (This applies te
phase coherence but not to array signal gain: see beiow.) The components of the linear
superposition of array signal plus noise are simply acted on individually by the beamformer
as shewn in Eq. {A-9). Therefore. neither the amplitude correlation matrix I(A-AQ)I .nor the
normalized amplitude correlation matrix A ACKAD (AQ] . nor the phase coherence matrix
{icos(8:~6, Vi can predict the results at the output of a lincar beamformer from iheir
behavior at the output of the array sensor groups alone. Thus. the armay signal gain will

be considersd later since it gives the results at the beamformer output.

{UY To facilitaie treatment of the large coherence data base for BEARING STARKE.
five sy noptic measures of performance {in addition to Cp) have been devised. The degree
o amplitude finctuation due to correlated amplitude fluctuations can be synopsized by, the
normalized standard deviation £ 4 . whick: is defined as

SASOAL 20 (A-15)
where
J

A= D Ao (A-153)

=i

)
=LY A (A-15b)

3 J—‘—'l J

J
A, = Z “ag . (A-16)
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Nermalizing by A, avoids changes in the propagation conditions from biasing the measure
Z 5~ The smaller T 4 is. the smailer the amount of amplitude fluctuation present. The

AP Ay ey
N iy

t
. degree of armay nonhcmogcncity tbut not the degrze of its sidelobe distorting influence)
> can be synopsized by the nonhomogeneity covificient Cp, which is defined as
:‘ %
é- ; s (.‘\j) - .‘\3 g
e - J=i | -
= (G =0 (A-17)
, i A
= and cquals zero for a homogeneous sound ficld.
r f (U 1tis useful 1o synopsize an upper bound for the armay coherence ¥: it by means
k= of kEg. tA-11b). Fini form for any ie {1.1].
5 -,
2 b )
P~ 3 TN ('\l'\j) . _]— s. (6\6\)
g 2 J & A b &\ (_\. }
% "f ,’:' )} )=]
- )
; E ! ;
& 3 LN RN Y \ }
b - J A
; : =1
3 =1+ 3
: : 2
k- A3
e 2 J
g 5 ;— A A
E =i I3
S - . =1+ -
; f} '\5 A
E =1+X32Cx (A-18)
g via Bqgs. tA-0 (A-T6) (A-I5b) and £ A-15) as well as
(. ]
O \ BABAY < \ s " (1A-19)
3 ¢ i=l ]=i
:,; o3 Thus. Cy synopsizes the normalized ampluud matrix l(A \J! (A, X.\ ¥} of the armay coher-
g 2 eace matrix fy;]. Next define the phase coher oefficicnt Cp as
v. s
. . J ]
3 Cp= ——,—,V. \ (cost0,-0¢ P < | (A-20)
R § =1 =
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k3 = B(d) (A-20a)
; via Egs. (A-3) and (A-3). Thus. C P synopsizes the phase cohierence matrix [{cos( 0i-0j »)
e and the amay coherence coefficient C,
‘. - -
e o Cy—CSCp . (A-21)
v’* synopsizes the amay coherence matrix hiji intermsof £ 4 and € P
- A3 (U) ARRAY SIGNAL GAIN
=
E 3 (U) The array gain. ag. is by definition the ratio of the signal ‘S{) to noise (N3
e 2 power ratio of the array beamformer output to the signal s7) to noise {n~) power ratio of a
. single clement. Le..
= _ 3 N _ asg an
<] = EWE"STS T . (A-22)
g =Y () i
" where
} % { ) R B
3 7= o) (A-222)
D s
= and
Ly ' LY
.3 E asg =(§-) ) (A-23)
x is the array signal gain. or. in decibel units.
g 3 ASG = 10 log}q ase.- (A-24)
S Fer a weighted (by Wj) armay. the asg will be taken to be
E = L 3
-, \ 4 v -
E 3 =& s
ke - asg = T 1A-0D
3 = & 3 )
O wo ) owe )l —Nad
f FAV R ¥ J ._..('\J
Z =1 =i =1
- p - e ¢ - 2-25
f W =1 P (=-23)
’; : = :\j.:\Q .-\,.
R >
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{Tkis page is unclassified)

From Eq. (A-23a) it is seen that C_ can be interpreted as the array signai gain for a phase-
only beamformer: sce Eqs. (A-3) and (A-20a). Note that the phase iscoherence of
'—Zcos(()r()  and the amplitude nonhomogeneity reduce the ideal array signal gain of 0 dB
to the actual array signzl gain of Eq. (A-24). When the array amplitude response is idea
(i.e.. .\j = \.. for all je[1J1]). the ideal array signal gain is still directly reduced by the
phase incoherence. W hen the array has perfect phase coherence. the ideal array signal gain
15 still reduced by the array amplitude nonhomogeneity and amplitude fluctuations. As
L\pcuex_. when the array response is both phase coherent and homogenzous (i.c..
Aj> = .\ ). the ideal array signal gain occurs if the amplitude fluctuations are neghgible.
le A = —\ The advantage of Eq. (A-25) (i.e.. incorporaiing both phase coherence and
amplitude nomoggnuty into an array signal gain expression) over giving quantities at the
outpui of ;ust the 2rray (such 2s phase coherence) is that it gives the performance degrada-
tion for 4 conventional linear beamformer at its output.

78
CONFIDENTIAL
(This page is unclassified)

- R e =Y T - - - - : &‘:\x k’}a‘n W
G e N . N PPN [P - - ) -
(S . a5 Ww‘—db«nmwn A T SR - o gt Z




e e
g v P

g T T S ., UL . .
Ry S T i S Y

- ‘.:«.: o - s -

i =

44

- is 3 assifi
t : INITIAL DISTRIBUTION (Th page is uncl ed)
b5

B =

g 3 DEPUTY URDER SECRETARY OF DEFENSE R&E NAVAL OCEANOGRAFHIC OFFICE
S {TACT. WARFARE PROGRAMS) CODE 2412 (J CARROLL)

B 3 D1R. NAVAL WARFARE CODE 3400 {WH GEDDES}

> 3

SO ARPA RESEARCH CENTER NAVAL OCEAN RESEARCH AND DEVELOPMENT
< : UNIT 1 ACTIVITY LIAISON OFFICE

B\ T KOOY

i = COMRMANDER IN CHIEF

fFr ASSISTANT SECRETARY OF THE NAVY {RE&S) US NAVAL FORCES, EUROPE

I « DEP. ASST. SECRETARY {SYSTEMS)

- S G CANN COMMANDER IN CHIEF US.

-~ A ATLANTIC FLEET

E- g CHIEF OF NAVAL CPERATIONS PACIFIC FLEET

. 10P-095 COMMANDER

z : -4 L 4 NOP-033 CODE 352

S NOP951  (2)

5 A NOPGSIF (2} COMMANDER THIRD FLEET

- : NOPO52 (2} N-32

3 W N-34

TP CHIEF OF NAVAL MATERIAL

.- =4 NMAT-03T24 {GR SPALDING) THE UNIVERSITY OF TEXAS

& APPLIED RESEARCH LABGRATORY

s Z5 NAVAL ELECTRONIC SYSTEAS COMMAND SMITCHELL (2)
T CODE 320 (J SiNSKY)

2 [ PME-124-20 (R KNUDSEN) V/OODS HOLE OCEANOGRAPHIC INSTITUTE
3 PME-124-30 E HAYES

B = PME-12460 (&)

£ £ BELL TELEPHONE LABORATORIES

B . 5 NAVAL SEA SYSTENMS COMMAND WHIPPANY, NJ 07981

B = NSEA-DSM1 (CC SMITH) R LAUVER

Er- 3 PENNOTT

- NAVAL aIR SYSTEMS COMMAND

. B NAIR-370 WESTINGHOUSE ELECTRIC CORP.

TR PO BOX 20046

S GFFICE GF NAVAL RESEARCH GELFORD CENTER

g = ONR-1028 GREENBOFO, NC 27420

B <X R SCUDCER (3}
S NAVAL RESEARCH LABORATORY

B 33 CODE 8103 PLANNING SYSTEMS, INC.

s. 23 CODE 8160 B3 ADAMS) 7200 WESTPARK DRIVE

b; 24C LEAN, VA 22101

. 35 NAVAL INTELLIGENCE SUPPORT CENTER DR L SOLOMON

3 £3 CODE 222

. TRW, INC.

2 NAVAL POSTGRAGUATE SCHGOL 7600 COLSHIRE DR

g7 LIBRARY MC LEAN, VA 22101

3 : R MURAWSKI

h: NAVAL AIR DEVELOPMENT CENTER

z 2 CODE 303 {JHOWARD) (2} MECHANICS RESEARCH, INC.

B 7929 WESTFARK DRIVE

. NAVAL OCEANOGRAPHY COMMAND AC LEAN, VA 22101

T OCEANOGRAPHER OF THE NAVY APPLIED HYDROACOUSTICS, 1:C.

= 655 QUINCE ORCHARD RD

= e NAVAL OCEAN RESEARCH AND DEVELOPMENT GAITHERSBERC. 3D 20760

E 3 - ACTIVITY f RYDER

E CODE 110 {TECH. DIRECTOR} (2}

T CODE 320 (2} COMPUTER SCIENCES CORP.

g 3 CODE 600 (DR RD GAUL) 2251 SAN DIEGO AVENUE

= > . CODE 200 {COR T MC CLOSKEV) SAN DIEGO, CA 92110
B & COBE 340 (DR S MARSHALL)

= 3 CODE 360 (DR H EPPERT) DEFENSE DOCUMENTATION CENTER 2)

O
WA

oy

GONFIDENTIAL

i aphipnaplgsmai

i He PRI R

n - - -
- (This page is unclessified) 5
i 3 : Wﬁq
-—2 t < Rk ML, DN DA o st = ~acrwc ,ﬁ

R mn, g, T o e RPN Cr T o .
o B T e g ot o SRS YN e B L s e e a s



DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET

SUITE 1425 '
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A F
BRIAN LINK
By direction
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